Postgraduate Medical School, London, W. 12 (Received 17 February 1950) Delory & King (1943) published a comparative study of the hydrolysis by faecal alkaline phosphatase of a series of phosphoric esters and established a correlation between the pK values of their second phosphate dissociations, the optimum pH for the enzymic hydrolysis and the Michaelis constants of the esters. They showed that the more acid this phosphate dissociation, the more alkaline was the pH optimum, the greater was the amount of hydrolysis and the lower the Michaelis constant. They found their results consistent with the Martland & Robison (1927) theory of enzyme-substrate combination and with Kay's (1932) interpretation of the pH optima of alkaline phosphatase for different substrates as a balance between increase in the rate of hydrolysis and increase in the rate of enzyme inactivation with increasing alkalinity.
Two more esters, the o-and p-carboxyphenyl phosphates have been added to this series. For their synthesis the carboxyl groups of salicylic and phydroxybenzoic acid had to be protected by esterification before phosphorylation of the phenolic hydroxyl group by phosphorus oxychloride. Even then the usual conditions employed for this reaction (King & Nicholson, 1939) were too drastic, and the reaction mixture had to be kept at less than 100 throughout the phosphorylation. The crystalline esters so obtained had a much lower barium and higher phosphorus content than was expected; and when potentiometric titration showed only one titrable hydrogen per atom of phosphorus, and that with a pK of about 1, it was realized that the product was a pyrophosphoric ester and not an orthophosphate. Only later was it discovered that the conditions we had been forced to adopt for the phosphorylation were almost exactly those described by Neuberg & Wagner (1926) for the synthesis of diphenyl pyrophosphate.
Mild alkaline hydrolysis of these pyrophosphates split the pyrophosphate link, and set free the carboxyl group. The carboxyphenyl phosphates were isolated as barium salts; and titration now showed the three dissociations expected, which were ascribed in order of decreasing acidity to the primary phosphate, the carboxyl group and the secondary phosphate dissociations (Table 1) . The pH optima for hydrolysis by faecal alkaline phosphatase and the Michaelis constants for these esters were determined, and the results are included in Table 2 , which also contains the corresponding data for some of the esters investigated by Delory & King (1943 C. 32-0; H, 2-9; P, 10-4; Ba, 24-0. C,6Hl40P2Ba requires:
C, 33-0; H, 2-4; P, 10-3; Ba, 23.5%.) Di-p-carbethoxyphenyl pyrophosphate. (Found: C, 34-8; H, 2-9; P, 10-3; Ba, 22-6.
C18H,8Ol1P2Ba requires: C, 35-4; H, 3-0; P, 10-1; Ba, 22-5%.)
Orthophosphoric esters
After dissolving in water and removal of Ba by the calculated amount of H2SO4, hydrolysis of the pyrophosphate esters was accomplished by the addition of five equivalents of NaOH. After 18 hr. at 370 only two equivalents of NaOH remained (titration with HCl to phenolphthalein end point).
No inorganic phosphate was liberated by this hydrolysis. The carboxyphenyl phosphates were isolated by the addition of BaCl2, either as the Ba1.5 salts from alkaline solution or as the half Ba salts from acid (pH <3) solution. The graphs for the titration are given in Fig. 1 , and the pK values in Table 1 . Enzyme hydrolysis. A range of carbonate-veronal buffers tovering pH 75-107, and a potent faecal phosphatase were prepared as described by Delory & King (1943) , and their procedure for the determination of the pH optima and Michaelis constants was followed exactly. These results are shown graphically in Figs. 2 and 3. 
DISCUSSION
It was expected, when these two substituted phenyl phosphates were made, that they would show a greater rate of hydrolysis than unsubstituted phenyl phosphate, due to the strong positive inductive, acid-strengthening effect of the carboxyl group. At the pH values used for enzymic hydrolysis, however, the group which is influencing the secondary phosphate dissociation is the negatively charged ionized carboxyl group (-COO0); and the two negative charges on the dissociated primary phosphate and carboxyl groups have outweighed the positive inductive action which we had expectede These results, however, agree with those of Delory & King (1943) in showing an increase in the amount of hydrolysis and a shift of the pH optimum to a more alkaline reaction with increasing acidity of the substrate. SUMMARY 1. o-Carbomethoxyphenyl pyrophosphate and pcarbethoxyphenyl pyrophosphate have been prepared; they are converted by mild hydrolysis to the orthophosphoric esters o-carboxy-and p-carboxyphenyl phosphate.
2. These esters are not such strong acids (pK o-, 6 11; p-, 6.40) as unsubstituted phenyl phosphate (pK 5 73).
3. The optimum pH values for enzymic hydrolysis by faecal phosphatase (o-, 9-10; p-, 8.00) are not as alkaline as that of phenyl phosphate (9 73). The rates of enzymic hydrolysis are also less. 4. The Michaelis constants (Km for o-, 0 0010; p-, 0.0030) are greater than that ofphenyl phosphate (Km 0.0006).
